Abstract Coral "holobiont" is defined as a complex as semblage which is comprised of the coral animal and its associated microorganisms. These organisms (including bacteria, archaea, cyanobacteria, fungi and also virus) inhabit coral tissues, coral skeleton, and the coral surface forming the socalled surface mucus layer (SML). The SML bears a diverse assemblage of antagonistic bacteria which suppress overgrowth of other microorganisms and maintain the healthy status of coral holobiont. On the basis of this background, we accomplished the isolation of antagonistic bacteria associated with Montipora digitata colonies sampled at Sesoko Island, Okinawa, Japan. As a result, 13 strains of antagonistic bacteria were isolated and identified by the analysis of partial 16S rDNA sequences. The bacteria were identified to belong to either the genus Pseudoalteromonas, Vibrio, or Staphylococcus.
Introduction
The coral holobiont is defined as a complex assemblage, which is comprised of the coral animal and its associated microorganisms consisting of bacteria, archaea, fungi, viruses, and protists including the dinoflagellate algae Symbiodinium that lives in symbiosis with corals pro viding nutrition to it by translocating their photosynthates (Rohwer et al. 2002; Thompson et al. 2014) . Recent studies have revealed the presence of a dynamic status of microorganisms living on the surface, inside the tissues and skeleton of stony and soft corals (Ritchie and Smith 1997; BenHaim et al. 1999; Rohwer et al. 2001 Rohwer et al. , 2002 Kooperman et al. 2007 ). In terms of maintaining coral "health", the role and contribution of these microorganisms within the holobiont has been discussed by many re searchers (Reshef et al. 2006; Bourne et al. 2009; Ro senberg et al. 2009; Barott and Rohwer 2012) , however the mechanism of action of these microorganisms is still not well understood. Reshef et al. (2006) advocated the 'Coral Probiotic Hypothesis', which explains homeostatic function of symbiotic microbial biota to keep coral in a healthy shape. As a matter of fact, symbiotic bacteria in the surface mucus layer (SML) of corals were indicated to Isolation of antagonistic bacteria associated with the stony coral Montipora digitata in Okinawa, Japan 
Materials and method

Collection of specimens
In 
Isolation of bacteria
The surface tissue of Montipora digitata was scraped off using sterile steel knife in the clean bench. The scraped tissues were pasted onto TCG agar medium (Tryptone 3.0 g, Casitone 5.0 g, Glucose 4.0 g, agar 15 g, in 1 L of sea water). The plates were incubated at 25℃ for 6 days. and Paracoccus carotinifaciens Tsubokura 1999 (acces sion number, AB490820), that were previously reported to induce coral bleaching (Higuchi et al. 2013 ) were cul tured. V. coralliilyticus was cultured using TCG medium incubated at 30℃. The all microorganisms except for V.
coralliilyticus were cultured using ISP2 agar medium (Shirling and Gottlieb 1966) incubated at 30℃.
Antagonistic effect screening using testing bacterial strains
Screening for antibacterial activity was performed against testing bacteria, including Bacillus subtilis, and the coral pathogens, Vibrio coralliilyticus and Paracoccus carotinifaciens. The strains from the culture collection were precultured by ISP2 agar medium at 30℃ for 7 days. Small amount of bacterial cells of each strain were obtained by sterile toothpick and inoculated onto the agar medium on which the testing bacterium was spread.
Antagonistic activity was defined by measuring the radius of the inhibition zone of the growth of testing bacteria around the colony.
Polymerase chain reaction (PCR) amplification, se quencing, and phylogenetic analysis of 16S rRNA genes
The extraction of all DNA from the cells of bacterial strain was performed following the procedure described by Kodani et al. (2002) The 16S rRNAencoding sequence was amplified from the total DNA by the PCR method with one set of universal primer pairs: 9F (5′GAGTT TGATCCTGGCTCAG3′) and 682R (5′TCTACGCATT TCACCGCTACAC3′). For PCR, the reaction mixture was prepared by adding 1 μL of the total extracted DNA of (approximately 100 ng), 25 μL of Emerald Amp PCR Master Mix (Takara, Japan), 1 μL each of primers (10 μM), and 22 μL of distilled water into the PCR reaction tube.
PCR amplification was carried out using a thermal cycler using the following protocol: initial denaturation for 10 min at 94℃, followed by 34 cycles consisting of denatu ration for 40 s at 94℃, annealing for 60 s at 55℃, and 
Isolation of antibacterial compounds from Pseudo al teromonas sp. S10
TCG agar medium (1 L) was used for culturing Pseu doalteromonas sp. S10. After the incubation for 2 days at 30℃, the bacterial cells were harvested by steel spatula.
Then an equal volume of methanol (MeOH) was added to the cells for extraction. After centrifugation at 3000 rpm for 5 min, the supernatant was obtained as MeOH extract. The MeOH extract was subjected to reversephase HPLC using an ODS column (Nacalai Tesque, Cosmosil C18 MSII 4.6×250 mm) with an isocratic elution of 60% acetonitrile (MeCN) containing 0.05% trifluoroacetic acid (TFA) at an absorbance of 220 nm to yield alteramides A (5.0 mg) and B (4.3 mg).
General Methods
The chromatography system consisted of 2 HPLC pumps (Jasco, PU980), a UV/VIS detector (Jasco, Model UV970), and digital integration software (MacIntegrator II). ESITOF MS spectra were recorded using a JEOL JMST100LP mass spectrometer.
1 H NMR spectra were obtained with a JEOL ECA600 in MeOHd6 at 27.0℃.
The resonance of residual MeOH at δH 3.30 ppm was used as an internal reference.
Results and Discussion
We collected tissues of Montipora digitata from coral reefs in Okinawa Island, Japan. Using seawater based medium, a total of 78 bacterial colonies were isolated from scraped tissues. The 78 bacterial colonies were sub jected to antagonistic effect screening against 4 testing microorganisms including a grampositive bacterium Ba cillus subtilis, a fungi Mucor hiemalis, and two gram negative bacteria which were indicated to be the possible pathogens; Vibrio coralliilyticus and Paracoccus carotini faciens. Briefly, small amount of cells of each isolated bacterium were directly inoculated onto the medium on which the testing bacterial cells were spread. Around a bacterium which had an antagonistic effect, the inhibition zone was observed after incubation at 30℃ for 24 h (Fig.   1 ). As a result, a total of 13 strains showed antagonistic activities against at least one testing microorganism as
shown Table 1 . To identify the antagonistic bacteria, se quencing of partial 16S rRNA coding gene (approximately, 500 bp) was performed. As a result, the 13 strains were S5, S8, S12, S18, and S19) as Vibrio; 4 strains (strain numer S10, S11, S17, and S20) MeOH extract of the strain S10.
Pseudoalteromonas sp. strain S10 was cultured for two days using TCG agar medium. The bacterial cells of the strain S10 were harvested and extracted with MeOH. The
MeOH extract of the strain S10 was repeatedly subjected to HPLC separation. As a result, two antifungal compounds were isolated (Fig. 2) . Both compounds were isolated as powder after lyophylization. The molecular formula of compounds 1 and 2 were respectively determined to be pound 2). To identify the chemical structures, 1 H NMR spectra and COSY spectra of each compound were mea sured. 1 NMR spectra of both compounds were very similar as shown in Fig. 3 . By the comparison of chemical shifts using previous reports, the compound 1 was identified to be a known macrolactam, alteramide A which was origi nally obtained from marine sponge associated bacterium Alteromonas sp. (Shigemori et al. 1992) . In the same man ner with compound 1, compound 2 was identified to be a Further, we tested alteramides A and B against testing microorganisms shown in Table 2 using paper a disk method. Both compounds showed similar antifungal ac tivity against Mucor hiemalis and Dichotomomyces cejpii at 10 ug/disk, however only alteramide A showed anti fungal activity against Colletotrichum acutatum (Table 2) .
Both compounds did not show activity against other microorganisms including bacteria and yeast as shown in Table 2 . Maree et al. (2014) reported that Pseudo al ter omonas sp. OT59 which was isolated from Pacific octo coral Leptogorgia alba displayed lightdependent anti fungal properties. They identified the antifungal principles as alteramides A and B which may work as chemical defense against pathogenic fungi. In our experiment, we also found that alteramides A and B released from Psuo doalteromonas sp. S10 which was associated with stony coral Montipora digitata displayed antifungal activity.
Considering that alteramide A was originally isolated from marine sponge associated bacterium (Shigemori et al. 1992) , there may be similar chemical defense system among marine invertebrates such as coral and sponge. ShnitOrland and Kushmaro (2009) reported that 25% of screened isolates from stony corals and 13% of isolates from soft corals displayed high antagonistic activity against indicator bacteria. In the present study, we ob tained similar results, which shows that 16% of isolated colonies (13 out of 78 colonies) from tissues of Montipora digitata displayed antagonistic activity.
In this experiment, we isolated alteramides as anti fungal substances from Pseuodoalteromonas sp. S10.
While Pseudoalteromonas sp. S10 cells showed antag o nistic activity against bacteria including Bacillus subtilis and Vibrio coralliilyticus, the MeOH extract of the strain S10 did not show activity against these bacteria. There was a possibility that other excreted compounds including high molecular weight compounds like protease may get involved in the antagonistic activity to the bacteria.
